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Please find the annual update to the Region 9 PRG table. The table has been revised to reflect the
most current EPA toxicological and risk assessment information. Updates to EPA toxicity values
were obtained from IRIS through July 1996, HEAST through May 1995, and EPA’s National Center
for Environmental Assessment (NCEA, formerly ECAQ).

Region 9 PRGs are “evergreen” and have evolved as new methodologies and parameters have been
developed. In several cases the models, equations, and assumptions presented in RAGS HHEM, Parz
B, Development of Risk-Based Preliminary Remediation Goals (1991) have been replaced with new
information that is consistent with the document, Soil Screening Guidance, recently issued by the
Office of Solid Waste and Emergency Response (OSWER), dated April 1996.

The updated PRG table also contains soil screening levels (SSLs) for protection of groundwater. The
SSLs were obtained directly from EPA/JOSWER’s Soil Screening Guidance document which is
available from NTIS as EPA/540/R-96/018 and EPA/540/R-95/128. Please note that because R 9
PRGs currently evaluate intermedia transfer of volatile organic chemicals (VOCs) and heavy metals
from soil to air, the PRG table does not include a separate list of SSLs for the air pathway.

To help users rapidly identify substances with new PRGs, these contaminants are printed in boldface
type. Changes in PRG values are either due to new toxicity constants or new physico-chemical
information. This version of the table contains revised toxicity values for acetaldehyde, chlorine
cyanide, 1,3-dichlorobenzene, 2-dichloroethane, endosulfan, manganese, phosphoric acid, and 1,1,1-
trichloroethane. Also, 23 additional VOCs have been identified and evaluated for inhalation .
exposures resulting from intermedia transfer from soil and water to air.

EPA Region 9 has established a homepage on the World Wide Web which you can find at
http://www.epa.gov/region 9/. Our homepage will soon include the PRG table in downloadable
form. The electronic table contains additional information not presented in the printed table (e.g.
physico-chemical constants, non-cancer PRGs for carcinogens, pathway-specific PRGs, and
volatilization factors for VOCs). Meanwhile, we still provide the electronic PRG table (PRG96.zip)
on California Regional Water Board’s BBS (510.286.0404) for those of you who have a modem.

Before relying on any number in the table, it is recommended that the user verify the numbers with
an agency toxicologist or risk assessor because the toxicity / exposure information in the table may
contain errors or default assumptions that need to be refined based on further evaluation. If you find
an error please send me a note via email at Smucker.Stan@epamail.epa.gov ot fax at 415.744.1916.
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EXHIBIT 1-1

- TYPICAL EXPOSURE PATHWAYS BY MEDIUM
FOR RESIDENTIAL AND INDUSTRIAL LAND USES*

EXPOSURE PATHWAYS, ASSUMING:
MEDIUM RESIDENTIAL LAND USE | INDUSTRIAL LAND USE
Ground Water Ingestion from drinking Ingestion from drinking
Inhalation of volatiles Inhalation of volatiles
Dermal absorption from Dermal absorption
bathing ,
Surface Water Ingestion from drinking Ingestion from drinking
Inhalafion of volatiles - Inhalation of volatiles
Dermal absorption from Dermal absorption
bathing
Ingestion during swimming
Ingestion of contaminated fish
Soil Ingestion | Ingestion
Inhalation of particulates Inhalation of particulates
Inhalation of volatiles Inhalation of volatiles
Exposure to indoor air from Exposure to indoor air from
soil gas soil gas '
Exposure to ground water Exposure to ground water
contaminated by soil leachate | contaminated by soil
leachate
Ingestion via plant, meat, or Inhalation of particulates
dairy products from trucks and heavy
equipment
Dermal absorption Dermal absorption
Footnote:

‘Exposure pathways considered in the PRG calculations are indicated in boldface italics.




pollutant risks.

In addition to Region 9 PRGs, the PRG table also includes California EPA PRGs ("CAL-
Modified PRGs") for specific chemicals where CAL-EPA values may be more restrictive than
the federal values; and, soil screening levels (SSLs) for protection of groundwater (see Section
2.3 below).

2.2  Toxicity Values

EPA toxicity values, known as noncarcinogenic reference doses (RfD) and carcinogenic slope
factors (SF) were obtained from IRIS through July 1996, HEAST through May 1995, and
EPA's National Center for Environmental Assessment (NCEA, formerly ECAO). The priority
among sources of toxicological constants used are as follows: (1) IRIS (indicated by "i"), (2)
HEAST ("h"), (3) NCEA ("n"), and (4) withdrawn from IRIS or HEAST and under review
(“xll . . .

Route-to-route extrapolations ("r") were frequently used when there were no toxicity values
available for a given route of exposure. Oral cancer slope factors ("SFo") and reference doses
("RfDo") were used for both oral and inhaled exposures for organic compounds lacking
inhalation values. Inhalation slope factors ("SFi") and inhalation reference doses ("RfD1i")
were used for both inhaled and oral exposures for organic compounds lacking oral values. An
additional route extrapolation is the use of oral toxicity values for evaluating dermal
exposures. Although route-to-route methods are a useful screening procedure, the
appropriateness of these default assumptions for specific contaminants should be verified
by a toxicologist. '

To help users rapidly identify substances with new PRGs, these contaminants are printed in
boldface type. This version of the table contains revised toxicity values for acetaldehyde,
chlorine cyanide, 1,3-dichlorobenzene, 2-dichloroethane, endosulfan, manganese, phosphoric
acid, and 1,1,1-trichloroethane.

2.3 Soil Screening Levels

Generic soil screening levels (SSLs) for the protection of groundwater have been included in
the PRG table for 100 of the most common contaminants at Superfund sites. Generic SSLs-
are derived using default values in standardized equations presented in Soil Screening
Guidance (available from NTIS as document numbers PB96-963502 and PB96-963505 or
EPA/540/R-95/128 and EPA/540/R-96/018).

The SSLs were developed using a default dilution-attenuation factor (DAF) of 20 to account
for natural processes that reduce contaminant concentrations in the subsurface. Also included
are generic SSLs that assume no dilution or attenuation between the source and the receptor
well (i.e., a DAF of 1). These values can be used at sites where little or no dilution or
attenuation of soil leachate concentrations is expected at a site (e.g., sites with shallow water



3.1  Developing a Conceptual Site Model

The primary condition for use of PRGs is that exposure pathways of concern and conditions
at the site match those taken into account by the PRG framework. Thus, it is always
necessary to develop a conceptual site model (CSM) to identify likely contaminant source
areas, exposure pathways, and potential receptors. This information can be used to determine
the applicability of PRGs at the site and the need for additional information. For those _
pathways not covered by PRGs, a risk assessment specific to these additional pathways may
be necessary. Nonetheless, the PRG lookup values will still be useful in such situations for
focusmg further investigative efforts on the exposure pathways not addressed. :

To develop 2 s1te-spec1fic CSM, perform an extensive records search and compﬂe existing
data (e.g. available site sampling data, historical records, aerial photographs, and
hydrogeologic information). Once this information is obtained, CSM worksheets such as '
those provided in ASTM's Standard Guide for Risk-Based Corrective Action Applied at =~
Petroleum Release Sites (1995) can be used to tailor the generic worksheet model to a site-
specific CSM. The final CSM diagram represents linkages among contaminant sources,
release mechanisms, exposure pathways and routes and receptors. It summarizes our
understanding of the contamination problem.

As a final check, the CSM should answer the following questions:
. Are there potential ecological concems?

. Is there potential for land use other than those covered by the PRGs (that is,
residential and industrial)?

. Are there other likely human exposure pathways that were not considered in
development of the PRGs (e.g. impact to groundwater, local fish consumption; raising
beef, dairy, or other livestock)?

. Are there unusual site conditions (e.g. large areas of contamination, high fugitive dust
levels, potential for indoor air contamination)?

If any of these four conditions exist, the PRG may need to be adjusted to reflect this new
information. Suggested references for evaluating pathways not currently evaluated by Region
9 PRG's are presented in Exhibit 3-1.



consulting a staff toxicologist at state and / or federal regulatory agencies.

Where anthropogenic background levels exceed PRGs and EPA has determined that a
response action is necessary and feasible, EPA's goal will be to develop a comprehensive
response to the widespread contamination. This will often require coordination with different
authorities that have jurisdiction over the sources of contamination in the area.

33 Risk Screening
A suggested stepwise approach for screening sites with PRGs is as follows:
. Perform an extensive records search and compile existing data. -

. Identify site contaminants in the PRG Table. Record the PRG concentrations
for various media and note whether PRG is based on cancer risk (indicated by
"ca") or noncancer hazard (indicated by "nc"). Segregate cancer PRGs from
non-cancer PRGs and exclude (but don't eliminate) non-risk based PRGs ("sat"
or "max").

: For cancer risk estimates, take the site-specific concentration (maximum or 95
UCL) and divide by the PRG concentrations that are designated for cancer
evaluation ("ca"). Multiply this ratio by 10 to estimate chemical-specific
risk. For multiple pollutants, simply add the risk for each chemical :

. conc, COHCZ conc, -
= + +
Risk = [( PRG, ) ( PRG, ) ( PRG, )1 x 10

. For non-cancer hazard estimates. Divide concentration term by its respective
non-cancer PRG designated as "nc" and sum the ratios for multiple
contaminants. [Note that carcinogens may also have an associated non-cancer
PRG that is not listed in the printed copy of the table and these will also need
to be obtained in order to complete the non-cancer evaluation.] The non-cancer
ratio represents a hazard index (HI). A hazard index of 1 or less is generally
considered safe . A ratio greater than 1 suggests further evaluation: :

conc,, COIJCy conc,
z = + -+ [P
Hazard Index = [{ PRG, ) ( PRG, ) ( PRG, )]

For more information on screening site risks, the reader should contact EPA Region 9's
Technical Support Team.



Document (USEPA 1996ab).

To address the soil-to-air pathways the PRG calculations incorporate volatilization factors
(VF,) for volatile contaminants and particulate emission factors (PEF) for nonvolatile
contaminants. These factors relate soil contaminant concentrations to air contaminant
concentrations that may be inhaled on-site. The VF, and PEF equations can be broken into
two separate models: an emission model to estimate emissions of the contaminant from the
soil and a dispersion model to simulate the dispersion of the contaminant in the atmosphere.

It should be noted that the box model in RAGS Part B has been replaced with a dispersion
term (Q/C) derived from a modeling exercise using meteorological data from 29 locations
across the United States because the box model may not be applicable to a broad range of site
types and meteorology and does not utilize state-of-the-art techniques developed for regulatory
dispersion modeling. The dispersion model for both volatiles and particulates is the AREA-
ST, an updated version of the Office of Air Quality Planning and Standards, Industrial Source
Complex Model, ISC2. However, different Q/C terms are used in the VF and PEF equations.
Los Angeles was selected as the 90th percentile data set for volatiles and Minneapolis was
selected as the 90th percentile data set for fugitive dusts (USEPA 1996 ab). A default source
size of 0.5 acres was chosen for the PRG calculations. This is consistent with the default
exposure area over which Region 9 typically averages contaminant concentrations in soils. If
unusual site conditions exist such that the area source is substantially larger than the default
source size assumed here, an alternative Q/C could be applied (see USEPA 1996a)b).

Volatilization Factor for Soils

Volatile chemicals, defined as those chemicals having a Henry's Law constant greater than
10” (atm-m’/mol) and a molecular weight less than 200 g/mole, were screened for inhalation
exposures using a volatilization factor for soils (VF,). Please note that VE,'s are available in
the electronic version of the PRG table.

The emission terms used in the VF, are chemical-specific and were calculated from physical-
chemical information obtained from a number of sources including Superfund Exposure
Assessment Manual (SEAM, EPA 1988), Subsurface Contamination Reference Guide (EPA
1990a), Fate and Exposure Data (Howard 1991), and Superfund Chemical Data Matrix
(USEPA 1994c). In those cases where Diffusivity Coefficients (Di) were not provided in
existing literature, Di's were calculated using Fuller's Method described in SEAM. A
surrogate term was required for some chemicals that lacked physico-chemical information. In
these cases, a proxy chemical of similar structure was used that may over- or under-estimate
the PRG for soils. Physico-chemical information is available in the electronic version of the
PRG table. To access this information, the user should display the hidden columns in the
table.

Equation 4-9 forms the basis for deriving generic soil PRGs for the inhalation pathway. The
following parameters in the standardized equation can be replaced with specific site data to
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Note: the generic PEF evaluates windborne emissions and does not consider dust
emissions from traffic or other forms of mechanical disturbance that could lead to
greater emissions than assumed here.

4.2 Dermal Contact with Contaminants in Soil

Much uncertainty surrounds the determination of hazards associated with skin contact with
soils. One important data gap is the lack of EPA verified toxicity values for the dermal route.
For screening purposes it is assumed that dermal toxicity values can be route-to-route
extrapolated from oral values but this may not always be an appropriate assumption and
should be checked. ' .

Thus far, chemical-specific absorption values for skin have been recommended for only five
chemicals (arsenic, cadmium, pentachlorophenol, PCBs, and dioxin) by EPA's Office of
Research and Development. For all other chemicals, default absorption values for inorganics
and organics are assumed to be 1 and 10 percent, respectively. At 10 % skin absorption, the
dermal dose is estimated to equal an ingestion dose for adults, using the best estimate default
values in Dermal Exposure Assessment: Principles and Applications (EPA 1992). At1 %
absorption, the dermal dose is estimated to be 10% of the oral dose (i.e. based on an adult
ingestion rate of 100 mg per day). Note: worker and children intake rates (50 and 200 mg
per day, respectively) yield somewhat different results. o

dermal dose = ingestion dose

Csozz X ABS X AF X SA = Cgop, X IR

(100mg/day) =0.10
[(0.2mg/cm?-day) (5000cm?) ]

_ABS =

43  SSLs for the Migration to Groundwater Pathway

The methodology for calculating SSLs for the migration to groundwater was developed to
identify chemical concentrations in soil that have the potential to contaminate groundwater.
Migration of contaminants from soil to groundwater can be envisioned as a two-stage process:
(1) release of contaminant in soil leachate and (2) transport of the contaminant through the
underlying soil and aquifer to a receptor well. The SSL methodology considers both of these
fate and transport mechanisms.

SSLs are backcalculated from acceptable ground water concentrations (i.e. nonzero MCLGs,

MCLs, or risk-based PRGs). First, the acceptable groundwater conceatration is multiplied by
a dilution factor to obtain a target leachate concentration. For example, if the dilution factor

13



(2) skin contact([mg-yrjl [kg-d]:

ED. x AF x SA, (ED, - ED.) x AF x SA,
BH, BW,

SFSadj =

(3)  inhalation ([m’~yr)/[kg=d]):

ED, x IRA, (ED, - ED.) x IRA,

InhFes) = — pg. EW,

45  PRG Equations

The equations used to calculate the PRGs for carcinogenic and noncarcinogenic contaminants
are presented in Equations 4-1 through 4-8. The PRG equations update RAGS Part B
equations. Briefly, PRGs are risk assessments run in reverse. The methodology
backcalculates a soil, air, or water concentration level from a target risk (for carcinogens) or
hazard quotient (for noncarcinogens). For completeness, the soil equations combine risks
from ingestion, skin contact, and inhalation simultaneously. Note: the electronic version of
the table also includes pathway-specific PRGs, should the user decide against combining
specific exposure pathways; or, the user wants to identify the relative contribution of each
pathway to exposure. ‘

To calculate PRGs for volatile chemicals in soil, a chemical-specific volatilization factor is
calculated per Equation 4-9. Because of its reliance on Henry's law, the VF, model is
applicable only when the contaminant concentration in soil is at or below saturation (i.e. there
is no free-phase contaminant present). Soil saturation ("sat") corresponds to the contaminant
concentration in soil at which the adsorptive limits of the soil particles and the solubility
limits of the available soil moisture have been reached. Above this point, pure liquid-phase
contaminant is expected in the soil. If the PRG calculated using VF, was greater than the
calculated sat, the PRG was set equal to sat, in accordance with Soil Screening Guidance
(USEPA 1996 ab). The updated equation for deriving sat is presented in Equation 4-10.
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PRG EQUATIONS

Scil Equations: For soils, equations were based on three exposure routes (ingestion, skin contact, and
inhalation). ‘

Equation 4-1: Combined Exposures to Carcinogenic Contaminants in Residential Soil

clmg/kg) = ' TR x AT,
g/ Xg. EF. [ IFS,gy X CSFQ) . SFS,q; X ABS X CSFO) . InhF, . X CSFI)]
y 10°mg/ kg 10°mg/ kg VFE

. Equation 4-2: Combined Exposures to Noncarcinogenic Contaminants in Residential Soil

THO x BW, X AT,
Clmg/kg) RS, (1 g SA XAFxAES 1 IR

1 +
EFe x ED; U ggp, * 1o‘mg/kg) R#D, © T 1o°mg/kg RID; © VR

Equation 4-3: Combined Exposures to Carcinogenic Contaminants in Industrial Soil

TR x BW, X AT,

C(mg/kg) = o x . [( T X CFy) (54, X AF X ABS X CSF,, ( IRA, X CSFyy |
° ° 10°mg/ kg 10°mg/ kg VF,

Equation 44: Combined Exposures to Noncarcinogenic Contaminants in Industrial Soil

clma/kg) = THQ x BW, X AT,
g/ kg o (L x %5, , (1 SA, x AF X ABS, 1 IRA,,
. The °" " RfD, = 10%mg/kg

x
RfD, 10mg/ kg ( RfD; vF2

Footnate:
*Use VF, for volatile chemicals (defined as having a Henry's Law Constant [atm-m

200 grams/mal) or PEF for non-volatile chemicals.

*/mol] greater than 10" and a molecular weight less than
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SOIL-TO-AIR VOLATILIZATION FACTOR (VF))

Equation 4-9: Derivation of the Volatilization Factor

3.14 x D, x T)1/2
( a % T) X 1074 (m?/ cm?)

VF,(m*/kg) = (Q/C) x

(2 x pp X D,)
where:
b, = [(8;/°D;#’ + 6"7°D,) /n?]
ks + 6, + 8.H
Parameter . Definition (units) Default
VF, Volatilization factor (m*/kg) , -
D, Apparent diffusivity (cm?%s) -
Q/C Inverse of the mean conc. at the center of a 68.81
0.5-acre square source (g/m*s per kg/m’)
T . Exposure interval (s) A 8.5x 10° -
Py Dry sail bulk'density (g/em?) 1.5
é, Air filled sail porosity (L, /L) 0.28 or n-8,,
n Total soil porosity (Lyee/Lso) 0.43 or 1 - (py/py)
e, Water-filled soil porosity (L,wdlod 0.15
Ps Sail particle density (g/cm’) 2.65
Di Diffusivity in air (cm?/s) Chemical-specific
H Henry's Law constant (atm-m*/mol) Chemical-specific
H Dimensionless Henry's Law constant Calculated from H by multiplying
by 41 (USEPA 1891a)
D, Diffusivity in water (cm?/s) Chemical-specific
Ky Soil-water partition coefficient (cm*/g) = K f. Chemical-specific
Ko Soil arganic carbon-water partition coefficient (cm’g) Chemical-specific
foe Fraction organic carben in soil (g/g) 0.006 (0.6%)
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SOIL-TO-AIR PARTICULATE EMISSION FACTOR (PEF)

Equation 4-11: Derivation of the Particulate Emission Factor

3600s/h

3 k = C
PEF(m/kg) = O/CX T3 10 x (G,/0,° % Fl=)

Parameter Definition (units) Defauit
PEF Particulate emission factor (m*/kg) 1. 316 x 10°

Q/C Inverse of the mean concentration at the center 90.80
' ' of a 0.5-acre-square source (g/m%-s per kg/m°) C

\'} Fraction of vegetative cover (unitless) . 0.5
U, Mean annual windspeed (rvs) 4.69
U, Equivalent threshold vaylixe of windspeed at 7 m (m/s) 11.32
Fx) Function dependent on U, /U, derived using 0.194

Cowherd (1985) (unitless)
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